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(57) Abstract: An electric compressor includes shaft (127) with 
forward leading groove (137) and reverse leading groove (139) 
both engraved on its outer wall. When a motor rotates forward, 
forward leading groove (137) pumps up lubricant through 
centrifugal pump (133) thereby lubricating sliding sections of the 
compressor. Reverse leading groove (139) has a lead directing 
opposite to that of the forward leading groove (137), and when 
the motor rotates reversely due to some reason, reverse leading 
groove (139) pumps up the lubricant through centrifugal pump 
(133) thereby lubricating the sliding sections. 
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DESCRIPTION 
Electric Compressor 

5 TBchmcal Field 

The present invention relates to a lubricating mechanism of an electric 
compressor to be used in cooling devices such as a refrigerator. 

Background Art 

10 In general, an electric compressor has a lubricating mechanism at its 

shaft, and Japanese Patent Examined Pubhcation No. S62 - 44108 discloses 
one of those instances. Pig. 5 shows a sectional view of this conventional 
compressor, and Pig- 6 shows an electric connection diagram of this compressor. 
In Pig. 5, hermetic container 1 accommodates electric motor 4 formed of 

15 stator 18 and rotor 8, and compressing mechanism 2. Shaft 7 extends through 
bearing 6 of block 3, and rotor 8 of the motor is rigidly mounted to an outer wall 
of shaft 7, of which eccentric shaft 9 is coupled to piston 10 by sUder 11. Shaft 
7 includes centrifugal pump 12 formed at its lower end and opening into 
lubricant 17. 

20 Shaft 7 includes spiral groove 14, engraved on its outer wall and having a 

lead, for leading lubricant 17 upward when the motor rotates in a 
predetermined forward direction. A lower end of spiral groove 14 
coroonunicates with centrifugal pump 12, and an upper end of spiral groove 14 
communicates with annular lubricant groove 16 (not shown) formed on an 

25 upper end of bearing 6. 

A lower end of vertical hole 15 bored in eccentric shaft 9 communicates 
with the annular lubricant groove 16, and an upper end of hole 15 opens into a 
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space of hermetic container 1, 

As shown in Fig. 6. stator 18 of the motor includes main cofl 19 and 
starting coH 20. PTC (Positive Tfemperature Co-ef&cient) relay 21 is coupled to 
starting coil 20 in series, so that a resistance-start type of single-phase 
5 induction motor is formed. 

AppKcation of a voltage starts the motor rotating in a forward direction, 
and a temperature of elements of PTC relay 21 sharply rises, which 
accompanies a sharp increase in the resistance of the elements, so that starting 
coil 20 is actually cut a££, and the motor is driven only by main coil 19. 
10 Lubricant 17 is sucked up to spiral groove 14 by centrifugal pump 12, and 
rotation of spiral groove 14 transports lubricant 17 upward for lubricating 
sliding sections of the compressor. 

However, since the conventional electric compressor discussed above 
prepares the winding direction of the lead of the spiral groove 14 based on an 
15 assumption of a forward rotating direction,. spiral groove 14 fails to ti-ansport 
the lubricant upward if the motor rotates in a reverse direction due to some 
reason. As a result, the shding sections encounter no lubricant. This reverse 
rotation lasts until the compressor is stopped (max. several hours), and the 
motor returns to the forward rotation when the motor is re-started. However, 
20 abrasion sometimes occurs in the sUding sections during the reverse rotation. 

Disclosure of the Invention 

The present invention addresses the problem discussed above, and aims 
to provide an elecbic compressor that can lubricate the sKding sections with a 
25 minimum quantity even if the motor rotates in a reverse direction. 

The electric compressor of the present invention includes a shaft having a 
forward leading groove and a reverse leading groove both engraved on its outer 
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wall The forward leading groove transports lubricant upward for lubricating 
sUding sections when the motor rotates in a forward direction. The reverse 
leading groove has a lead directed oppositely to that of the forward leading 
groove, and transports the lubricant upward for lubricating the sUding sections 
5 when the motor rotates in a reverse direction. 

Brief Description of the Drawings 

Pig. 1 is a sectional view of an electric compressor in accordance with an 
exemplary embodiment of the present invention. 
10 Pig. 2 is an enlarged view of a shaft of the compressor shown in P^. 1. 

Fig. 3 is an enlarged view of a shaft of the compressor shown in Pig. 1. 

Pig. 4 is an electric connection diagram of a motor of the compressor 

shown in P^. 1. 

Fig. 5 is a sectional view of a conventional compressor. 
15 Pig. 6 is an electric coimection diagram of a motor of the conventional 

compressor. 

Detailed Description of Preferred Embodiment 

An exemplary embodiment of the present invention is demonstrated 
20 hereinafter with reference to the accompanying drawings. Fig. 1 is a sectional 
view of an electric compressor in accordance with an exemplary embodiment of 
the present invention. Fig. 2 and Fig. 3 show enlarged views of a shaft of the 
compressor shown in Fig. 1. Fig. 4 is an electric connection diagram of a motor 
of the compressor. 

25 In Pigs. 1, 2, and 3, lubricant 103 is pooled in hermetic container 101. 

Compressing mechanism 111 is disposed on an upper section of single-phase 
induction motor 109 that is formed of stator 105 and rotor 107. Compressing 
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mechanism 111 is resiliently supported by spring 115 via stator 105 and 
accommodated in hermetic container 101. 

Bearing 121 is formed in block 119. Shaft 127 having main shaft 123 
and sub-shaft 125 penetrates through bearing 121, and rotor 107 is rigidly 
mounted to main shaft 123. Piston 129 reciprocally penetrates through 
cylinder 117 disposed in block 119. Sub-shaft 125 is coupled with piston 129 by 

connecting rod 131. 

Centrifugal pump 133 is formed at a lower end of main shaft 123, and 
opens into lubricant 103. A thinner section 135 having a smaller diameter 
than that of main shaft 123 is formed at a part of main shaft 123. Forward 
leading groove 137 and reverse leading groove 139, having a lead directed 
oppositely to that of forward leading groove 137, are engraved on the outer wall 
of main shaft 123. Entire rounding section of the upper end of bearing 121 is 
chamfered, and annular lubricant groove 141 is formed between the chamfered 

section and main shaft 123. 

A first end of forward leading groove 137 communicates with centrifugal 
pxunp 133, and a second end thereof opens directiy to annular lubricant groove 
141. A first end of reverse leading groove 139 communicates with centrifugal 
piunp 133 via thinner section 135, and a second end thereof directly opens to 
I annular lubricant groove 141. A cross sectional area of reverse leading groove 
139 is smaUer than that of forward leading groove 137, and the lead of reverse 
leading groove 139 is greater than that of forward leading groove 137. 

Vertical hole 143, of which first end commvmicates with annular 
lubricant groove 141 and second end opens in hermetic container 101, is 
> provided in sub-shaft 125. Vertical hole 143 slants with respect to the center of 
shaft 127 such that its upper section slants outward. 

As shown in Fig. 4, stator 105 indudes main coil 145 and starting coil 
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147, PTC relay 149 to be iised for starting the motor is coupled to starting coil 
147 in series. 

An operation and an effort of the compressor having the structure 
discussed above is demonstrated hereinafter. First, an AC power supply is 
5 appUed to the motor, and a current nms through main coil 145 and starting coU 
147, so that rotor 107 starts rotating in a predetermined forward direction. 
Then PTC relay 149 increases resistance sharply at its elements, so that the 
current supply to starting coil 147 is cut oft As a result, rotor 107 is driven 
only by main coil 145 to keep rotating in the forward direction. Eccentric 
10 rotation of sub-shaft 125 via connecting rod 131 reciprocates piston 129 in 
cylinder 117, so that compression work is done. 

Lubricant 103 rises in centrifiigal pump 138 due to centrifugal force 
generated by centrifugal pump 133, and is transported to a lower end of forward 
leading groove 137, then transported to annular lubricant groove 141 by 
15 pumping force of forward leadii^ groove 137. 

The lubricant transported in annular lubricant groove 141 is pushed to 
the outer rim section of annular lubricant groove 141 by the centrifugal force, 
and raised through vertical hole 143 communicating with annular lubricant 
groove 141, thereby lubricatiE^ sliding sections such as connecting rod 131 and 
20 piston 129. Parts of the lubricant are discharged from an upper end of vertical 
hole 143 into a space of hermetic container 101. Since vertical hole 143 slants 
as shown in Fig. 3, centrifugal force is additionally added to the lubricant, so 
that an amovmt of the lubricant increases. 

At this moment, if the lubricant flows iato reverse leading groove 139, 
25 the lubricant is pushed down by downward force of reverse leading groove 139; 
however reverse leading groove 139 opens into inner rim of annular lubricant 
groove 141, and the lubricant is pushed to the outer rim of annxilar lubricant 
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groove 141 by the centrifugal force, so that htde amount of the lubricant flows 
into reverse leading groove 139. 

As shown in Fig. 3, reverse leading groove 139 never crosses with 
forward leading groove 137, so that the lubricant is hardly pushed down by 
5 reverse leading groove 139. 

Further, because reverse leading groove 139 has a cross-sectional area 
smaller than that of forward leading groove 137, and reverse leading groove 139 
has a lead greater than that of forward leading groove 137, the down-force 
generated by reverse leading groove 139 is so small that lubrication similar to 
10 the prior art can be maintained when the motor rotates in the forward 
direction. 

Next, an operation of the compressor when the motor rotates in the 
reverse direction is explained. When the motor once stops, it is necessary to 
cool the PTC relay 149 in order to lower the resistance of elements of PTC relay 

15 149 before the power is turned on again. If the time for cooling is too short, a 
turning-on of the power (e.g. just after an instantaneous power faUure) does not 
aUow a current to run through starting coil 147 because the elements of PTC 
relay 149 still have high resistance, so that the motor feils to start. In this 
case, if piston 129 is pushed back by repulsion force of compressed gas, and 

20 rotates the shaft in the reverse direction, the motor starts rotating in the 
reverse direction. 

Centrifugal pump 133 produces pvunping force regardless of a rotating 
direction, and lubricant 103 is transported to reverse leading groove 139 via 
centrifugal pump 133, forward leading groove 137 and thinner section 135. 
25 The lubricant transported to reverse leading groove 139 is transported to 
annular lubricant groove 141 by the pumping force of reverse leading groove 
139. 
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The lubricant transported in annialar lubricant groove 141 is pushed to 
the outer rim of annular lubricant groove 141 by the centrifugal force, and 
raised into vertical hole 143 communicating with annular lubricant groove 141, 
thereby lubricating sliding sections such as connecting rod 131 and piston 129. 
Parts of the lubricant are discharged from an upper end of vertical hole 143 into 
a space of hermetic container 101. Since vertical hole 143 slants as shown in 
Fig. 3, centrifugal force is additionally added to the lubricant, so that an 
amoimt of the lubricant increases. 

At this moment, if the lubricant flows into forward leadiag groove 137, 
the lubricant is pushed down by downward force of forward leading groove 137; 
however forward leading groove 137 opens into inner rim of annular lubricant 
groove 141, and the lubricant is pushed to the outer rim of annular lubricant 
groove 141 by the centrifugal force, so that little amount of the lubricant flows 
into forward leading groove 137. 

As shown in Fig. 3, forward leading groove 137 never crosses with 
reverse leading groove 139, so that the lubricant is hardly pushed down by 
forward leading groove 137. 

Further, since reverse leading groove 139 has the cross-sectional area 
smaller than that of forward leading groove 137, and reverse leading groove 139 
has a lead greater than that of forward leading groove 137, the pxunping force 
generated by reverse leading groove 139 is so small that an amount of lubricant 
is smaller in the reverse rotation than in the forward rotation. Experiments 
tell that an amoxmt of lubricant in the reverse rotation is approx. 20% as little 
as that in the forward rotation; however, this amount is enough for an operation 
in several hours. 

As discussed above, the lubricating mechanism of the present invention 
supplies a similar amoimt of lubricant to that of conventional ones when the 



wo 2006/001111 PCT/JP2005/007359 

8 

motor rotates in the forward direction, and suppHes an amoiint enough to an 
operation in several hours when the motor rotates in the reverse direction. As 
a result, a compressor with high rehabiUty is obtainable. 

5 Indtistaial Applicability 

The electric compressor of the present invention allows maintaining 
lubrication even in a reverse rotating operation, so that a highly reUable 
compressor is obtainable. The compressor can be used in vending machines 
and air-conditioners in addition to refrigerators. 
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CLAIMS 

1. An electric compressor comprising^ 

a single-phase iaduction motor formed of a stator and a rotor; 
5 a compressing mechanism driven by the motor! and 

a hermetic container for accommodating the motor and the 
compressing mechanism and for pooling lubricant, 

wherein the compressing mechanism includes- 
^ a shaft having a main shaft and a sub-shaft; 

10 a cylinder for forming a compressing chamber; and 

a bearing for supporting the main shaft, 
wherein the shaft includes^ 

a centrifugal pump opening into the lubricant; 
a forward leading groove engraved on an outer wall of the 
15 main shaft, and having a first end commxmicating with the centrifugal pimip 
and a second end communicating with an annular lubricant groove provided on 
an upper end of the bearing; 

a reverse leading groove having a lead directing in an 
opposite direction to that of the forward leading groove, a first end 
20 commxanicating with the centrifugal pump, and a second end directly opening to 
the annidar lubricant groove; and 

a vertical hole bored in the sub-shaft and having a first 
end communicating with the annular lubricant groove, and a second end 
opening into the hermetic container. 

25 

2. The electric compressor of claim 1, wherein the reverse leading 
groove of which first end coromunicates with the centrifugal pump via a thinner 
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section formed at an intermediate section of the shaft. 

3. The electric compressor of claim 1 or 2, wherein a cross sectional area 
of the reverse leading groove is smaller than that of the forward leading groove- 

5 

4. The electric compressor of daim 1 or 2, wherein a lead of the reverse 
leading groove is greater than that of the forward leading groove, 

5. The electric compressor of claim 1, wherein the vertical hole slants 
10 with respect to a shaft center of the main shaft such that an upper section of the 

vertical hole slants outward. 
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FIG. 1 



wo 2006/001111 



PCT/JP2005/007359 




wo 2006/001111 



PCT/JP2005/007359 



3/7 

Fias 



125 




143 



wo 2006/001111 



PCT/JP2005/007359 



4/7 

FIG. 4 
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FIG. 6 
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Reference numerals in the drawings 

1 01 liermetic container 

103 lubricant 

105 stator 

107 rotor 

109 single-phase induction motor 

111 compressing mechanism 

117 cylinder 

121 bearing 

123 main shaft 

125 sub-shaft 

127 shaft 

133 centrifugal pump 

135 thinner section 

137 forward leading groove 

139 reverse leading groove 

1 41 annular lubricant groove 

143 vertical hole 
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